Activation of protein phosphatase 2A by palmitate inhibits AMP-activated protein kinase.
Elevated levels of free fatty acids contribute to cardiovascular diseases, but the mechanisms remain poorly understood. The present study was aimed to determine if free fatty acid inhibits the AMP-activated kinase (AMPK). Exposure of cultured bovine aortic endothelial cells (BAECs) to palmitate (0.4 mM) but not to palmitoleic or oleic acid (0.4 mM) for 40 h significantly reduced the Thr(172) phosphorylation of AMPK-alpha without altering its protein expression or the phosphorylation of LKB1-Ser(428), a major AMPK kinase in BAECs. Further, in LKB1-deficient cells, palmitate suppressed AMPK-Thr(172) implying that the inhibitory effects of palmitate on AMPK might be independent of LKB1. In contrast, 2-bromopalmitate, a non-metabolizable analog of palmitate, did not alter the phosphorylation of AMPK and acetyl-CoA carboxylase. Further, palmitate significantly increased the activity of protein phosphatase (PP)2A. Inhibition of PP2A with either okadaic acid, a selective PP2A inhibitor, or PP2A small interference RNA abolished palmitate-induced inhibition on AMPK-Thr(172) phosphorylation. Exposure of BAECs to C(2)-ceramide, a cell-permeable analog of ceramide, mimicked the effects of palmitate. Conversely, fumonisin B1, which selectively inhibits ceramide synthase and decreases de novo formation of ceramide, abolished the effects of palmitate on both PP2A and AMPK. Inhibition of AMPK in parallel with increased PP2A activity was founded in C57BL/6J mice fed with high fat diet (HFD) rich in palmitate but not in mice fed with HFD rich in oleate. Moreover, inhibition of PP2A with PP2A-specific siRNA but not scrambled siRNA reversed HFD-induced inhibition on the phosphorylation of AMPK-Thr(172) and endothelial nitric-oxide synthase (eNOS)-Ser(1177) in mice fed with high fat diets. Taken together, we conclude that palmitate inhibits the phosphorylation of both AMPK and endothelial nitric-oxide synthase in endothelial cells via ceramide-dependent PP2A activation.